In the preceding paper (1) it was shown that Propionibacterium shermanii produced vitamin B12 when grown in a cheese whey and yeast extract substrate. Speedie and Hull (U.S. Patent 2,951,017) showed that vitamin B12 production by P. shermanii can be a two-step process involving an anaerobic stage and an aerobic stage. If anaerobic conditions are maintained during the first half of the fermentation, the organism grows and produces the macroring portion of the vitamin B12 molecule. During the second part of the process, an aerobic phase, the organism reaches maximal growth and attaches the nucleotide portion of the molecule to the ring portion of the molecule, to complete the synthesis (2). Under anaerobic conditions for the complete fermentation, the precursor 5,6-dimethylbenzimidazole must te added to the medium to obtain appreciable levels of vitamin B12.
In the preceding paper (1) it was shown that Propionibacterium shermanii produced vitamin B12 when grown in a cheese whey and yeast extract substrate. Speedie and Hull (U.S. Patent 2,951,017) showed that vitamin B12 production by P. shermanii can be a two-step process involving an anaerobic stage and an aerobic stage. If anaerobic conditions are maintained during the first half of the fermentation, the organism grows and produces the macroring portion of the vitamin B12 molecule. During the second part of the process, an aerobic phase, the organism reaches maximal growth and attaches the nucleotide portion of the molecule to the ring portion of the molecule, to complete the synthesis (2). Under anaerobic conditions for the complete fermentation, the precursor 5,6-dimethylbenzimidazole must te added to the medium to obtain appreciable levels of vitamin B12.
The purpose of this study was to determine the optimal levels of cobalt, aeration, and precursor required for the production of vitamin B12 in whey by P. shermanii.
MATERIALS AND METHODS
The substrate used in this study was a medium consisting of 10% whey solids and 1.5% yeast extract (Difco) vitamin B12 precursor was supplied as an aqueouis solution of 5,6-dimethylbenzimidazole.
The experiment was set up as a completely randomized block design of a factorial type (3 X 3 X 3 X 2), with three levels of cobalt, three levels of precursor, three levels of aeration, and two replications (Table 1 ). The levels of cobalt used were 5, 15, and 25 ppm. Carbon dioxide was added to all cultures for the first 84 hr. The cultures were then sparged with air at the rates of 0, 215, and 1,000 ml of air per liter per min for an additional 84 hr.
Sample analysis, foam control, and fermentation conditions were as described by Bullerman and Berry (1).
RESULTS AND DISCuSSION
The effect of aeration was the most striking. Aeration increased the yield of vitamin B12 considerably compared with no aeration, but there was no difference between the levels of aeration tested. The precursor had a marked effect on the production of vitamin B12 both in the presence and in the absence of aeration. In the absence of aeration, the presence of precursor increased the yield' of vitamin B12; however, there was no advantage to a level of precursor higher than 10 ppm, since 15 ppm did not stimulate the yields over those obtained with 10 ppm. In the presence of aeration, the presence of precursor exerted a definite negative effect on the levels of vitamin B12 obtained. Lower levels of vitamin B12 were obtained in the presence of both aeration and precursor than were obtained with aeration alone. However, the yields obtained from the precursor and aeration treatment were similar to those ob- tained with precursor alone. The data are presented in Fig. 1 and 2 .
Although cobalt is necessary for the formation of vitamin B12, little increased effect was observed by increasing the level of cobalt beyond 5 ppm. Within each treatment studied, the higher levels of cobalt (15 and 25 ppm) did not show any marked increase of vitamin B12 over the lower 5 ppm level (Table 1 ).
An analysis of variance performed on the data indicated that aeration was highly significant. Significant interaction was observed between aeration and precursor. None of the other variables had significant effects, including precursor, cobalt, and replications. There were no significant interactions observed other than the aerationprecursor interaction. The error term or difference between subsamples was small. 
